Ribonuclease-sensitive DNA polymerase activity associated with particles distinct from A type and C type viral particles in murine myeloma tumor cells  by Penit, C. et al.
Voiume 38, number 2 FEW LJ2TIERS January 1974 
RIBONUCLEASE-SENSITIVE DNA POLYMERASE ACTIVITY ASSOCIATED WITH 
PARTICLES DISTINCT FROM A TYPE AND C TYPE VIRAL PARTICLES IN MURINE 
MYELOMA TUMOR CELLS 
C. PENIT, A. PARAF, F. ROUGEON, and F. CHAPEVLLLE 
Laboratoire de Biochimie du Dkveloppement et Luborutoire d’Immunodiff~renciution, Institut de Biologic Md~culaire, 
UniversittS Paris VI!, 2 Pkce Jussieu, 75005 Paris, France 
Received 6 October 1973 
1. Introduction 
Murine myeloma tumor cells in culture produce 
intracisternal, A-type, virus-like particles, as well as 
C-type particles [l-3]. Wilson and Kuff [4] have 
shown that A-type particles contain an enzymatic ac- 
tivity responsible for the polymerization of dTMP in 
the presence of the synthetic hybrid poly rA*oligo dT, 
but they did not find any endo~~no~s ~bonuclea~- 
sensitive DNA polymerase activity similar to that of 
oncornaviruses [S-S], 
In this paper we report studies on two DNA pdy- 
merase activities present in particulate extracts of 
my&ma MOPC 173 cells established in tissue culture 
(referred to as MF cells, 191). These cells are of fibro- 
blastic type and produce both A- and C-type particles. 
One of the polymerase activities studied is endogenous 
(not dependent on an added template-primer) and is 
shown to be ribonuclease-sensitive; the other is re- 
sponsible for the poly rA*oligo dT-directed dTMP 
polymerization. In order to characte~ze the particles 
bearing the endogenous activity and to compare them 
with virus-like particles, fractionation experiments of 
the MF cell extracts were carried out. 
In addition, the two DNA polymerase activities 
were studied in extracts from MF cell-induced solid 
mice tumors, which produce mostly A-type particles, 
and in extracts of an epithelioid cell variant (referred 
to as ME cells, [9, 101) which produces neither A- 
nor Cstype particles. 
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2. Materials and methods 
Myeloma MOPC 173 subcutaneous tumors were 
harvested 13 days after transplantation in Balb/c 
mice. A tumor weighed l-2 g. 
These tumors were established in tissue culture. 
When the concentration of calf serum in the culture 
medium was lO%, the cells obtained were ~broblastic, 
without contact i~~bition, and when the concentra- 
tion of calf serum was lowered to 2%, the cells be- 
came epithelioid and were contact-inhibited. Simul- 
taneously with this change, the myeloma cells lost 
their capacity to produce viruses, and were no longer 
tr~~lan~ble. For details of the culture tech~q~es, 
and more complete description of the two variants, 
see [9] and [lo]. Fibroblastic cells were grown either 
in suspension (MF S) or on glass surfaces (MF); epithe- 
loid cells were grown only on glass surfaces (ME). 
The method described by Coffin and Temin [ 1 1 ] 
was used. The culture medium was removed either 
directly by decantation (for cultures on glass surfaces) 
or after centrifugation of the cells (for cultures in 
~spens~on). The cells were harvested and washed 
four times with phosphate buffered saline. The cell 
pellet was resuspended in 5 volumes of Tris-Hydroxy- 
methyl aminomethane (Tris) 0.01 M pH 7.5, ethylene 
diamine tetraacetic acid (EDTA) 1 mM, saccharose 
0.25 M buffer. The suspension was made 0.25% in 
the non-ionic detergent Nonidet F40 (Shell Chemical 
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Co) and 10 mM in dithiothreitol (DTT) and was 
pipetted several times to lyse the cells. After removal 
of nuclei, mitochondria and heavy membranes by 
centrifugation at8 000 g during 20 min, the cell lysate 
was centrifuged at 45 000 rpm for 60 min in an SW 
50 L rotor. The pellet thus obtained (200 000 g pellet) 
was resuspended in 1 ml/g of cells of the same buffer 
without detergent. 
Similarly washed tumors were homogenized in 5 
volumes of Tris-EDTA-saccharose buffer by 25 
strokes of a motor-driven Teflon glass homogenizer. 
The homogenate, made 0.25% in Nonidet and 10 mM 
in DTT, was centrifuged as indicated above for the 
cell lysate at 8000 g and then at 200 000 g. The 200 000 g 
pellet was resuspended in 0.5 ml of Tr is -EDTA-DTT-  
saccharose buffer per gram of tumors. 
2.3. Purification of endogenous DNA polymerase 
containing particles 
All gradients were made in a buffer solution con- 
taining 0.01 M Tris-HC1 pH 7.5, 1 mM EDTA and 
10 mM DTT. 
2.3.1. Velocity sedimentation 
Aliquots (200/A) of the 200 000 g pellet suspen- 
sion were layered on 5-20% saccharose gradients es- 
tablished on a cushion of 200/A of 65% saccharose 
and centrifuged at 50 000 g for 45 min in an SW 50 
L rotor. Fractions (250/al) were collected from the 
bottom. 
In some cases, the continuous gradient was replaced 
by 1.5 ml of 20% saccharose followed by 2.5 ml of 
8% saccharose. The rapidly sedimenting material was 
recovered as a pellet after 30 min of centrifugation at
50 000 g, and the supernatant was discarded. 
2.3.2. Equilibrium density gradient centrifugation 
Aliquots (200/al) of cell extract were layered on 
5 ml of 15-65% saccharose preformed gradients, and 
centrifuged for 3 hr at 200 000 g in an SW 50 L rotor. 
Glycerol gradients (20-80%) were also used: in 
this case, centrifugation was for 15 hr at 30 000 rpm 
in an SW 50 L rotor. 
In both cases, fractions (200/al) were collected from 
the bottom of the tubes. 
2.4. C-type virus purification 
The supernatant fluid from MF cells (900 ml) was 
clarified by centrifugation at 10 000 g for 20 min. 
The clarified supernatant was centrifuged at 100 000 
g for 40 min. The virus pellet, resuspended in Tris-HC1 
0.02 M pH 7.5, 1 mM EDTA and 1.4 mM mercap- 
toethanol, was centrifuged through a 0.5 M saccharose 
buffer on a 2.3 M saccharose cushion and was subse- 
quently purified by equilibrium centrifugation i  a 
15-65% saccharose gradient as described for the 
200 000 g pellet. 
2.5. Polymerase assays 
2.5.1. Endogenous reaction 
Crude preparations (50-100/ag of protein) were 
tested in an incubation vol of 100/A. For density 
gradient purified preparations, aslittle as 1/ag of pro- 
tein was tested in the same volume. The incubation 
medium contained 50 mM Tris-HC1 pH 7.9, 2-5  mM 
DTT, 10 mM MgC12, 20-50 mM KC1, 0.2 mM ATP, 
0.05-0.1 mM dATP, dGTP, dCTP and 0.7 ~tM 
[3 H] dTTP (Radiochemical Center, Amersham), 6250 
cpm/pmole. Incubations were at 37°C. In some cases 
(indicated in legends to figures), the fractions were 
preincubated at37°C for 15 min in 50 tal of 0.02 M 
Tris-HC1 pH 7.9, 0.1 M KC1. 
For the study of the influence of pancreatic ribo- 
nuclease A (Worthington Biochemical Corp.), samples 
containing 50-100/lg of protein were preincubated 
in a total vol of 50/al either for 60 min at 0°C in 
water, or for 15 min at 37°C in 0.02 M Tris-HC1 
pH 7.9 and 0.1 M KC1. The ribonuclease was pre- 
treated by heating at 80°C for 10 min. 
2.5.2. Exogenous template-primer-directed reaction 
1) Activated calf thymus DNA: the incubation 
medium was the same as for the endogenous reac- 
tion with the exception of the [3 H] dTTP concen- 
tration, which was 0.05 mM (80 cpm/pmole). DNA 
(Sigma Chemical Co) was activated as described by 
Aposhian and Kornberg [12]. 
2) Synthetic template-primers: poly rA-oligo 
dT14 (a gift from Dr. Weimann, Boehringer-Mannheim 
GmbH), and poly dA (Miles Laboratory) hybridized 
with oligo dT12_18 (P.L. Biochemicals Inc.) were 
tested. Template-primers (0.5/~g) were added to the 
incubation mixture containing 1.5 mM MnC12, 50 mM 
KC1 and 0.1-0.05 mM [3H] dTTP (40-80 cpm/pmole). 
In all cases, 0.05% Nonidet was present in the 
incubation mixture. 
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Fig. 1. Ribonuclease-sensitivity of the endogenous reaction in 
the presence of the 100 000g pellet from M F S ceils. Each 
point represents the number of pmoles of [3HI dTMP in- 
corporated inacid-insoluble material, in 50 ul samples. The 
arrows represent the time of addition of ribonuclease (2 ~g 
for 100 t~l incubation mixture). (*) no addition of RNAse, 
(',) pre'.mcubation 20 min at 0°C. (z~) RNAse added at the 
beginning of the incubation, (m) addition at 10 min, (o) addi- 
tion at 20 rain, (X) addition at 40 min. 
Reactions were stopped by the addition of 0.1 ml 
of sodium pyrophosphate 0.1 M, 50 ~ug of yeast RNA 
and 0.2 ml of 20% trichloroacetic acid (TCA). 
The precipitate was collected on Miilipore filters 
(0.45/a) and washed three times with 15 ml of 5% 
TCA. 
The radioactivity was counted using Bray's solution 
in a Nuclear Chicago liquid scintillation counter. 
3. Resu l t s  
3.1. Particulate DNA polymerases infibroblastic 
myeloma cells (MF S) 
The incorporation of [3H] dTMP into acid-insoluble 
material was examined in the presence of a suspension 
of the 200 000 g pellet from 0.25% Nonidet-treated 
MF S cells. 
In the presence of the three other non-radioactive 
nucleoside triphosphates, the polymerization reaction 
can be followed for at least 4 hr and is linear during the 
first 60 min. The presence of all four deoxyribonucleo- 
side triphosphates is necessary for optimal incorpora- 
tion. Divalent cations, magnesium or manganese, are 
required; the optimum Mg 2÷ concentration is 10 mM, 
and that of Mn 2+ is 1-2 mM. Polymerization is stimu- 
lated by 70% in the presence of 20-50 mM KC1. 
In order to detect enzymatic activity, [3H]dTrP 
of very high specific activity had to be used, and con- 
sequently at a concentration which is probably much 
lower than that needed for optimum activity of the 
enzyme. In the conditions used, during 60 min, less 
than 1 pmole of [3H]dTMP was polymerized. 
The pancreatic ribonuclease effect on polymeriza- 
tion was tested in the presence of 7 000 g pellet, 
200 000 g pellet and total 0.25% Nonidet cell ~ysate. 
Only the activity associated with the 200 000 g pellet 
was instantaneously inhibited by ribonuclease 
(10/~g/ml). Polymerization is also arrested when ribo- 
nuclease is added during the course of the incubation 
(fig. 1). 
Incorporation of [3H]dTMP was also studied in 
the presence of various exogenous template-primer 
systems. Activated calf thymus DNA, poly rA" oligo 
dT were used. In these experiments, the concentration 
of dTTP in the incubation medium was much higher 
and close to the optimum. This was possible because 
of the high activity observed in the presence of exo- 
genous template-primers. Fig. 2 shows that activated 
DNA is a good template-primer, but the highest ac- 
tivity is observed in the presence of poly rA-oligo dT; 
poly dA.oligo dT is a poor template-primer. 
3.2. Fractionation of the 200 000 g pellet from MFS 
cells by saccharose density gradient centrifugation 
The 200 000 g pellet suspension was centrifuged 
in saccharose gradients either at equilibrium or by 
velocity sedimentation. Endogenous and poly rA.-oligo 
dT-directed activities were examined. Fig. 3a shows 
the results obtained in the presence of the fractions 
resulting from equilibrium centrifugation i a 15 to 
65% saccharose gradient. The endogenous activity 
was recovered in an apparently homogenous particu- 
late material whose density is 1.085. The poly rA" oligo 
dT-directed activity was more disperse, and was re- 
covered essentially in the 1.085 and 1.16 density 
regions. The density of the material recovered in the 
latter region is similar to that of virus particles. The 
relative importance of these two fractions was re- 
spectively 80% and 20% of the total recovered activity. 
Velocity sedimentation i  a 5-20% saccharose gradi- 
ent of the same 200 000 g pellet suspension gave the 
following results (fig. 3b): 75% of the endogenous, 
RNAse sensitive activity was recovered at the bottom 
of the gradient (on the 65% sucrose cushion), associated 
with only 20% of the poly rA" oligo dT activity. The 
193 
Volume 38, number 2 FEBS LETTERS January 1974 
a 
l i  I 
10 20 40 60 
mn 
j J  
"" '1  " " "  I I 
10 20 40 60 
mn 
iOO 
iO0 
100 
300 
200 
I00 
~50 
-~ 40 
~ ~o 
Fig. 2. Kinetics of incorporation of-[aH]dTMP by the 200 000 
g peUet material from MF S cells in the presence of exogenous 
template-primers. Each value represents he number of pmoles 
of [ H]dTMP incorporated in acid-insoluble material, in 
100 ~1 aliquots. The concentration f the non-radioactive 
deoxyribonucleotides wa  0.1 mM, and 1 ~tCi of [3 H] dTTP 
was added (final specific radioactivity: 40 cpm/pmole). Fig. 
2a: incorporation i  the presence of activated calf thymus 
DNA (1/~g/assay). Fig. 2b: incorporation i  the presence of 
poly rA. oligo dT~4 (o -e -e )  and of poly dA. oligo dT~2_18 
(o -o -o )  (0.5 ~tg/assay). 
remaining 80% of poly rA" oligo dT activity was found 
at the top of the gradient. When the rapidly sediment- 
ing material was centrifuged again, but in an equili- 
brium density gradient, practically all the poly rA" oligo 
dT activity was recovered in the 1.16 density region, 
and the endogenous RNAse sensitive activity in the 
1.085 region (fig. 3c). It is likely {hat the low density 
(and low S value) material bearing poly rA" oligo dT 
activity corresponds to cell membranes (plasma mem- 
branes and reticulum), which have been shown in 
other systems to contain DNA polymerase [ 13]. The 
recovery of the poly rA" oligo dT-directed activity is 
good but an important part of the endogenous activity 
is lost. Preliminary results (data not given here) show 
that this loss of activity can be reduced if glycerol 
gradients are used in place of saccharose gradients. 
At each step of the fractionation procedure, the ribo- 
nuclease sensitivity of the endogenous DNA poly- 
merase activity was controlled in the active fractions. 
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Fig. 3. Saccharose density gradient centrifugation f DNA 
polymerase-containing particles of the 200 000 g pellet from 
MF2S cells. Endogenous (e -e -e )  and poly rA-oligo dT-di- 
rected (o-o-o)  activities were assayed with 25 ~1 of each 
fraction, in 100/~1 reaction mixtures. Fig. 3a: equilibrium 
density centrifugation f the 200 000 g pellet suspension 
(200 t~l). Fig. 3b: velocity sedimentation f the 200 000 g 
pellet suspension. Fig. 3c: equilibrium density centrifugation 
of the material obtained as a pellet by velocity sedimentation 
of the 200 000 g pellet suspension (details of the centrifugation 
techniques are described in 'Methods'). 
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3.3. Poly rA . oligo dT-directed [3HI dTMP polymeri- 
zation by C-type viruses from MF S cells 
Myeloma virus was isolated from the MF cell culture 
medium and purified by saccharose density gradient 
centrifugation. The presence of a high poly rA.oligo 
dT-directed activity was demonstrated in these prepa- 
rations. Similar results were reported by Wilson and 
Kuff [4] for myeloma A-type virus. 
In the experimental conditions used, which are the 
same as for the study of cell extracts, it was not possi- 
ble to detect an endogenous RNAse-sensitive DNA 
polymerase activity. The density of the isolated myelo- 
ma C-type viruses was 1.16, their behaviour in saccha- 
rose density gradient centrifugations was the same as 
that of the denser material found in the 200 000gpellet 
from myetoma cells. It is likely that, when prepared 
in the conditions used, the A-type virus present in 
these cells has the same density as the C-type virus. 
Other authors reported higher density for A-type 
virus [2], but they used high concentrations of de- 
tergent in the isolation technique. It is known that 
detergent treatment of C-type viruses gives particles 
of high density [14]. 
3.4. DNA polymerases in myeloma tumor extracts 
Subcutaneous local tumors develop in mice after 
injection of MF cells. It is known that the tumor cells 
produce large quantities of A-type viruses and very 
few C-type viruses [9, 10]. Cell extracts were prepared 
from such tumors and analyzed for the particulate 
endogenous RNAse-sensitive and for the poly rA'oligo 
dT-directed activities. The results obtained were the 
same as with the MF S cell extracts, for the specific 
activities and for the distribution of the particles in 
saccharose gradients. 
3.5. Comparison of both activities in fibroblastic 
(MPO and epithelioid (ME) myeloma cells 
Ephithelioid cells also contain the endogenous 
ribonuclease-sensitive DNA polymerase activity. The 
specific activity (pmoles of dTMP incorporated per 
100/ag of protein) was found to be two-fold lower 
than in extracts from MF cells. This difference is
possible due to the slower ate of growth of the 
epithelioid cells. Gradient analysis of the 200 000g 
pellet of ME cells showed that the particies with the 
endogenous ribonuclease-sensitive activity had the 
same sedimentation properties as those from MF cells. 
However, the poly rA- oligo dT-directed activity was 
absent at the density 1.16. 
4. Discussion 
The results reported in this paper show that murine 
myeloma tumor cells possess aparticulate DNA poly- 
merase activity in absence of added DNA or I~A 
template. This DNA polymerase activity is ribonucle- 
ase-sensitive, and resembles that observed by Kang 
and Temin [15, 16] in uninfected chick embryo and 
by Coffin and Temin [11] in rat fibroblasts. The pre- 
sence of the particles which contain the ribonuclease- 
sensitive DNA polymerase activity was demonstrated 
in extracts of two cell variants obtained in culture. 
Only one of these cell variants (the fibroblastic one) 
produces A-type and C-type viruses. Therefore, the 
presence of the particulate activity seems not to be 
related to virus production. The density of these 
particles, as determined by centrifugation i  saccha- 
rose gradients, is 1.085; it is lower than that of RNA 
tumor viruses and of their precursors which have been 
described [ 17] as well as of the particles obtained 
after detergent disruption of C-type viruses [18]. No 
endogenous ribonuclease-sensitive DNA polymerase 
activity was detected in association with myeloma 
A-type and C-type viruses; experiments are underway 
to determine whether this negative result is due to 
the experimentalconditions r to a defective proper- 
ty of these non-infectious viruses. As described by 
Wilson and Kuff [4] for the A-type viruses, a poly 
rA'oligo dT-directed polymerase is associated with 
myeloma viruses. 
All these data clearly mark the difference between 
the particles which contain the endogenous RNAse- 
Sensitive DNA polymerase activity and both types of 
viruses. However, it cannot be excluded that the forma- 
tion of these particles is somehow related to the in- 
formation contained in the viral genome, which is 
present in both fibroblastic and epithelioid cells. Ano- 
ther possiblity is that these particles are present in all 
rapidly dividing cells, as suggested by the results of 
the Temin's group, and by the fact that similar particles 
are also observed by Borrow et al. in phytohemagglu- 
tinin-stimulated lymphocytes [19]. A possible role 
of such particles and of their apparent RNA-directed 
DNA polymerase was suggested by Temin [20, 21 ] 
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in the discussion on the protovirus hypothesis: they 
could be involved in some processes of normal cellular 
differentiation. 
Before trying to answer these questions, further 
experiments are needed, particularly to define the 
properties of the DNA polymerase and the nature of 
the template associated in the particles. 
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